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Abstract
Part-l INTRODUCTION 
Pure and fresh water is the basic requirement of life. Water is one of the most essential products of nature, but available water from natural sources is generally contaminated with dissolved, dispersed and suspended impurities. A large portion of available water is in the form of saline water which cannot be used directly. This is where the 'Desalination' comes into picture. With increasing growth of population and industries, the total known potable water resources in nature are found to be insufficient which do not fulfil the demand of pure water. Thus realising the importance of pure water, many advanced countries have taken up projects of converting the saline waters to pure water by employing various desalination techniques. Numerous processes have been proposed for the desalination of water, and a few of these have attained important commercial status. Distillation, electrodialysis and reverse osmosis are already applied to a variety of practical installation. Of the methods that are of current importance, electrodialysis and reverse osmosis are best adapted to the desalination of brackish waters while distillation is applicable to the entire range of salinities upto seawater as dense as 43,000 ppm. Water that is good enough to drink, when used untreated in many industrial applications, can seriously reduce equipment performance, increase maintenance, and lower quality of finished products. Reverse Osmosis (R.O.) offers many advantages and possibilities for the production of water of various qualities in chemical plant at low cost as compared to the other desalination processes. Reverse osmosis can effect efficiently for purification, separation and concentration of the dissolved solids from their aqueous solutions, hence it has a wide scope in the field of separation technology in Chemical Engineering processes. Many polymeric materials such as esters of cellulose, mixed esters of cellulose, polyvinyl alcohol and polystyrene have been tried for the use of membranes by Reid and Breton . In the course of surveying a number of cellulosic and non-cellulosic polymers for use as reverse osmosis membranes, cellulose acatate, (CA) appeared to have high flux and high salt rejection than ther of others. Recently polyamides, polybenzimidazole (PBI), polybenzimidazolone (PBIL) polymers have been developed for reverse osmosis membranes. The recent development in science and engineering of R.O. was due to CA membranes developed by Loeb and Sourirajan in 1960. The features of CA membranes initiated a wide spread interest in R.O. as an economical method for the desalination of sea and brackish waters. Loeb and Sourirajan type CA membranes have been the most widely used membranes to date for reverse osmosis desalination because no other low cost membranes have been developed which have high flux rate and selectivities equal to those of cellulose acetate. Inspite of several good features of these membranes, they have some drawbacks such as poor chemical resistance and fast biodegradability5,the rapid flux decay due to the membrane compaction under the high influent pressure etc. Modification of CA resulting in improved performance will make it more attractive polymer for use as R.O. membranes for sea and brackish waters. Some work has already been reported for mechanically stabilizing CA membranes by grafting of vinyl monomere6 on CA. The present work describes the modification of indigenously available CA by aromatic, aliphatic isocyanatos and propylene oxide. 
Part II Modification of CA by aromatic and aliphatic isocyanates The residual hydroxyl groups of cellulose acetate have been reacted partially with phenyl,butyl and propyl isocyanates8 The modified CA urethane polymers were characterized for their physical and chemical properties such as softening point, intrinsic vis'cosity, molecular weight, acetyl content, thermal stability, infrared spectroscopy (IR), elemental analysis and microbial resistance. The radiation resistance of CA polymer modified by phenyl isocyanate has been studied. These modified CA polymers have been utilized for the preparation of membranes. The membranes were cast as per the procedure reported in the literature. These membranes were annealed at different temperatures to study the effect of annealing temperature on their transport properties. The transport property data for water flux and % salt rejection was obtained using R.O.Unit fabricated in our laboratory. The modification of CA with isocyanates results in stronger polymers which are more resistant to thermal and ? radiation11 (incase of phenyl isocyanate modified CA) as compared with CA. The reverse osmosis experiments show reduced water flux and increase % salt rejection in comparison with CA membranes. Some of these membranes have been studied for the selectivity of different solutes such as glucose, fructose and sucrose. 
Part III Modification of CA by propylene oxide Graft copolymerization is an attractive means for modifying base polymer because grafting frequently results in the superposition of properties relating to backbone and pendant chains. Grafting of vinylmonomers on CA has been reported by many res.earchers for membrane purposes. The effect of styrene grafting to CA has been reported6 as possible technique for mechanically stabilizing the membranes. Cellulose esters of high stability have been prepared by reaction with epoxides e.g. ethylene oxide12 . Russian workers13 have reported hydroxypropylation of cellulose acetate but the details regarding the reaction course has not been disclosed. According to U.S.Patent, the methyl hydroxypropyl cellulose acetate was reported by etherifying cellulose with propylene oxide and then esterifying with acetic anhydride. In this part CA has been grafted by propylene oxide without using a catalyst. The grafted polymers were characterized for their mechanical strength, thermal stability, inherent viscosity, scanning electron microscopy, softening point etc. Membranes were cast from these polymers and after annealing the membranes for a specified time they were tested for transport properties such as waterflux and % salt rejection. In addition to their transport properties other characteristics of the membranes such as specific water content, membrane constant and average pore diameter have also been calculated. Part IV Fabrication of Reverse Osmosis Laboratory Test Unit The pilot plant activity began with the discovery of asymmetric porous cellulose acetate membranes by Loeb and Sourirajan4 in 1960 for making practical reverse osmosis unit. Even though R.O. has been applied in few large scale plants, the published information on engineering aspects is still limited. The design of R.O. Plant depends upon the quality of the product water required from the characteristics of the feed, the operating pressure and membrane characteristics. The design of a R.O.unit is judged on the basis of its effects on total product cost. Since laboratory R.O. test units were not easily accessable, a small test unit was fabricated in our laboratory. This unit consists of high pressure Dump, water accumulator, pressure gauge and R.O.Cell. The material of construction of this unit is stainless steel. On this unit the transport properties of various flat membranes have been tested at different operating pressures. 
  	 


